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BACKGROl'ND OF THH IW'ENTION 
[0001 1 Field of the Im cntion : The present iiu ention relates generally to the assembly 
and testing of integrated cireuit de\ ice eoniponents. such as nuihichip modules. SpecificalK', the 
present in\ ention relates to a dex ice and method for remo\ ably securing an integrated circuit 
dcMce to a substrate and, in particular, to an arra\' of spring-biased electrical contacts formed in a 
layer of resilient conductix e material on a substrate and configured for establishing 
nonpermanent electrical connections betw een the lead elements of an integrated circuit de\ ice 
and the substrate. 

|0002| State of the Art : Integrated circuit (IC) de\'ices, such as Ball Grid Array (BGA) 
packages. Small Outline J-Lead (SOJ) packages, and Thin Small Outline Packages (TSOPs) are 
commonly assembled into multichip modules for connection to liigher-lex el packaging, such as a 
motherboard or a personal computer chassis. Generally, a multichip module (MCM) includes a 
carrier substrate, such as a printed circuit board, ha\ ing a pluralit\' of IC de\ ices mounted thereto. 
Other electrical components, such as resistors, capacitors, inductors, or other suitable de\ ices, 
ma\' also be mounted on the carrier substrate of the MCM or ev en on the IC devices. Electrical 
communication among the IC devices, betw een the IC devices and other electrical components 
on the multichip module, and betw een the de\ ices and external components is established b\' 
conductors on the MCM cairier substrate. The conductors may be conductix e traces fabricated 
on the surface of, or internal to, a printed circuit board. Methods for fabricating printed circuit 
boards hax ing conductive traces, as xx ell as other txpes of substrates hax ing conductors thereon, 
are xvell-knoxx n in the art. 

[0003] Conx entional IC dex ices, such as BGA packages, SOJ packages, and TSOPs, 
generallx' comprise a semiconductor die electricallx' connected to a pluralitx' of electrical leads 
that are encased xx ithin an encapsulant material, a portion of each of the electrical leads 
extending from the encapsulant material and configured for establishing electrical connections 
betw een the semiconductor die and external components or hiuher lex el packamnu. I^x' w ax of 



example, an exemplar}' embodiment ofa eon\ enlional BGA paekage is shown in FIGS. 1 and 2 
The eoin enlional BGA package 10 includes a semicoi^iductor die 20 secured to a die-atlach pad 
35 formed on an upper surface 31 ofa subsU'ate 30, which ma\' also be termed an inteiposer. 11 
BGA package 10 also includes a plurality of electrical leads 40 adapted to pro\ ide electrical 
communication between the semiconductor die 20 and one or more external componeiits (not 
shown), 'fhe semiconductor die 20 and at least a portion of each electrical lead 40 ma\' be 
encased by an encapsulant material 50. The coinentional BGA package 10 may be a memory 
dev ice, such as a DRAM chip, a processor, or an>' other integrated circuit de\ ice know n in the 
art. 

|0004] Each of the electrical leads 40 includes an external conducti\ e ball (or bump, 
pillar, or other lead element) 41 configured for electrical connection to an external component. 
The conducti\ e ball 41 may be secured to a conductive pad 42 formed on a lower surface 32 of 
the substrate 30. Each electrical lead 40 further comprises a conductix e \'ia 43 extending from 
the conductive pad 42 and through the substrate 30 to a conductive trace 44. The conductive 
trace 44 (only a few of w hich are show n in FIG. 1 for clarity) is formed on the upper surface 31 
of the substrate 30 and pro\ ides an electrical path from the conducti\ e \ ia 43 to a bond end 45 
located proximate the semiconductor die 20. A bond w ire 46 attached to the bond end 45 of the 
conductix e trace 44 and extendmg to the semiconductor die 20, w here the bond w ire 46 is 
attached to a bond pad thereon, electrically connects the electrical lead 40 to the semiconductor 
die 20. At least the bond wire 46 and the conducti\'e trace 44 of each electrical lead 40 mav be 
encased by the encapsulant material 50. 

[0005] The conx entional BGA package 10 ma\' include a plurality of the conducti\ e 
balls 41 arranged, for example, in an array or arra\'s of mutually adjacent row s and columns. 
Referring to FIG. 1 , the conducti\ e balls 41 may be arranged in tw o arra\s 60, 70, each arra>' 60 
70 disposed betw een an edge of the semiconductor die 20 and a peripheral edge of the substrate 
30. [:ach array 60, 70 comprises three columns 61, 62, 63, 71, 72, 73, respecli\ el\'. of conducli\ 
balls 41 . The arrangement of conductive balls 41 is t\picall\* referred to as the '^pin-out" or the 
"footprmt" of the BCjA package 10. 1 hose of ordinar\' skill in the art w ill understand that the 



particular pin-out of the BGA package 10 may vary depending upon the appHcation and that the 
pin-out may be of any suitable configuration. 

[0006] To attach and electrically connect the conductive balls 41 of the BGA package 
10 to a substrate such as, for example, an MCM carrier substrate or a bum-in board - the 
substrate is configured with a plurality of contact pads arranged in a number of contact pad 
arrays. Each contact pad array includes a number of contact pads arranged in a pattern 
corresponding to the pinout of the BGA package 10. The conductixe balls 41 of the BGA 
package 10 may be formed of solder or a conductix e or conductor-filled epoxy. If solder, the 
conducti\ c balls 41 arc rcfiowed to connect to the contact pads of the contact pad array on the 
substrate. If epoxy, the conductix e balls 41 may be first heated to a tacky "B" stage to adhere to 
the contact pads, and then further heated to completely cure the epoxy to a ''C" stage. A 
substrate may include a plurality of IC devices mounted thereto, wherein each of the IC dcx ices 
is permanently attached to a corresponding contact pad array on a surface of the substrate. By 
w ay of example, an MCM may be a niemory module comprised of a carrier substrate having 
opposing surfaces, with one or both of the opposing surfaces of the carrier substrate including 
multiple contact pad arrays and a plurality of IC de\'ices, such as BGA packages, SOJ packages, 
and/or TSOPs, mounted thereto. 

[0007] During the fabrication of an IC dev ice, the IC dexice may be subjected to 
individual component-le\'el testing, such as bum-in and electrical testing. An IC device that 
exhibits a desired Icx el of performance during component le\'el testing is generally referred to as 
a ''know n i^ood de\ ice" or "know n uood die'while an IC dex ice failing to meet minimum 
perfomiance characteristics may be referred to as a "known bad de\'ice." After component-level 
testing, the IC de\'ice maybe assembled into higher le\'el packaging, such as an MCM, and again 
subjected to testing. Testing of higher level packaging such as an MCM - referred to herein as 
module \c\ c\ testing - may include bum-in, electrical characterization and performance 
ex aluation, as w ell as other desired electrical testing. 

[0008] If an MCM fails to exhibit minimum operating characteristics during nu^dule 
le\el testing, an IC de\'ice causing the failure which ma\' have prev iously been identified as a 
"know n good de\ ice'' durmg component le\ el testmg must be remo\ ed from the MCM and 
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replaced. Also, it nvdy be desirable lo introduce a '^know n bad" IC de\'ice into an MCM for 
niodule Ie\ cl testing in order to obser\'e the electrical characteristics of the MCM w ith the 
^'know n bad" IC de\ ice, or to obser\ e the electrical characteristics of the ''know n bad" IC de\ ice 
at the module le\ el. After module le\'el testing is complete, the "know n bad" IC de\ ice must be 
renun ed fron:i the MCM and replaced. Thus, although indi\ idual IC de\ ices are t>picall\' tested 
at the component lex el, it is desu-able to subject IC dex ices to further testing at the module le\ el, 
as a "know n good dex ice" ma\' fail at the module le\ el and, further, because incorporation of a 
"know n bad de\ ice" into an MCM may be useful in module le\'cl testing. 

[0009] To test IC de\ ices in a higher lev el en\ ironment, module le\ el testing is 
generally performed after the IC de\ ices are assembled into and permanentK' attached to, for 
example, an MCM carrier substrate. Thus, if an IC dev ice must be remov ed from an MCM after 
module level testing, the permanent electrical bonds betw een the electrical leads of the IC device 
- for example, the conductive balls 41 of the conventional BGA package 10 and the contact 
pads on the MCM carrier substrate must be severed. Sc\ ering the permanent electrical bonds 
w hich tvpically comprise solder or conductix c cpoxy - may cause both heat-induced and 
mechanical damage to the MCM carrier substrate and conductors, to the electrical leads and 
electrical bonds of the IC de\ ices remaining on the MC\T and to other electrical components 
mounted on the MCM. 

|0010] Also, it may be necessary to remove an IC device from a substrate to achieve an 
upgrade. For example, as technological adv ances are made by IC device manufactuixrs, it is 
often desirable to replace an IC device mounted to a substrate vv ith a next-generation IC device 
exhibiting improved perfonnance characteristics. To replace an obsolete IC device mounted to a 
substrate such as the carrier substrate of an MCM comprising part of. for example, a personal 
computer the permanent electrical bonds betw een the electrical leads of the obsolete IC device 
and a plurality of contact pads on the substrate must be severed, which may cause both heat- 
induced and mechanical damaue to the substrate and to other IC devices remainin^ on the 
substrate. 

[001 1| To prex ent lieat-induced and mechanical damage resulting from sev ering of tlie 
permanent electrical bonds betw een the electrical leads of an \C dev ice and a pluralitv of contact 



pads on a substrate, the IC dev ice ma>' be iionpernianeiitly attached to the substrate for module 
le\ el testing, as w ell as for final assemblw Use of nonpermanent connections betw een the 
electrical leads of an IC de\ ice and a contact pad arra\' of a substrate allow s for easy remox al of 
the IC dex'ice after module le\ el testinu or after final assembly w ithout anv resuhins^ damaue 
from the sev ering of permanent electrical bonds. Sockets and fixtures for nonpernianently 
attaching an IC dev ice to a substrate are w ell-know n in the art; however, such sockets can be 
relativ eh' expei^sive and their cost often does not justif\' their use. Although the cost of 
conventional sockets and fi.xtures may, in some instances, be acceptable for limited use 
applications, such as testing and small production runs, their cost is generally not acceptable for 
full scale production. 

[0012] Use of nonpermanent electrical connections betw een the electrical leads of an IC 
de\ ice and a contact pad array of a substrate can, how ev er, itself cause problems during module 
lev el testing and/or at final assembly. Non-planarities in the substrate, in the conductors forming 
a contact pad array, or in the IC dev ice itself, may in the absence of a permanent bonding agent 
- result in poor electrical contact betw een an electrical lead of the IC dev ice and a corresponding 
contact pad on the substrate. For example, nonplanarities in the substrate 3(J of the BGA package 
10. as w ell as inconsistency in si/e of the conductive balls 41, may result in unreliable electrical 
contact between the conductive balls 41 and the contact pads of a substrate in the absence of a 
permanent bonding agent. Similarly, for other t\pes of IC devices, such as the SOJ package or 
the TSOP, dellection of their electrical leads as they come into contact with the contact pads on 
the substrate ma_v again, in the absence of a permanent bonding agent such as solder or 
conductive epoxy - result in poor electrical contact. Poor electrical contact resulting from 
nonplanarities and or lead defiections mav' produce unreliable test data during module lev el 
testing or prohibit the acquisition of any meaningful test data and such poor electrical contact 
ma>' result in nonfunctional, assembled IC device components. 

|0013| Therefore, a need exists in the art for a low -cost dev ice and method of forming 
nonpermanent. reliable electrical connectioiLs betw een the electrical leads of an IC dev ice and a 
contact pad arrav of a substrate. Such an apparatus and method must also prov ide for robust. 



compliant and reliable electrical connections between the electrical leads of an IC de\'ice and the 
contact pads on a substrate. 

SUMMARY OF THE INVENTION 

[0014| The present inv ention comprises embodiments of a substrate assembly including 
a plurality of spring-biased electrical contacts for establishing electrical contact with the lead 
elements extending from an IC dex ice. The substrate assembly comprises a substrate having an 
upper surfiice and an opposing lower surface, and the substrate assembly further comprises a 
layer of resilient conductiv e material disposed proximate at least one of the upper and lower 
surfaces of the substrate. The layer of resilient conductive material comprises any suitable 
conductive material that also exhibits elastic properties suitable for the fomiation of the spring- 
biased electrical contacts and, further, the resilient conducti\'e material layer mav be formed on 
the substrate using any suitable deposition process or may be a separately formed laminate 
bonded to a surface of the substrate. 

[0015] A plurality of electrically isolated conductiv e traces arc fonned in the layer of 
conductive material. At least some of the conductive traces each terminate at a spring-biased 
electrical contact also fomied in the resilient conductive material layer. Each spring-biased 
electrical contact is electrically isolated from the layer of resilient conductive material layer by an 
aperture fomied in the resilient conductive material layer. 

[0016] A spring-biased electrical contact includes a surface or surfaces configured to 
bias against and establish both physical and electrical contact w ith a lead element of an IC 
dev ice, and the spring-biased electrical contact may also be configured to align the IC device lead 
element relative thereto. The spring-biased electrical contact may be configured as, for example, 
a cantilevered spring, a transversely defiecting hoop-shaped spring, a spiral-shaped spring, or a 
rosette spring, A via formed in the substrate and opening onto at least one of its surfaces may 
underlie a spring-biased electrical contact, providing a recess into vv Inch the spring-biased 
electrical contact can defiect upon engagement with an IC device lead element. Also, a spring- 
biased electrical contact may be preformed with a permanent defiection tov\ ards or aw ay from the 
undcrlvmg substrate surface, in w hich case a subjacent via ma\' be eliminated. A sprmg-biased 
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electrical contact ma\' further include one or nK^re contact elements configured to w ipe a\\ a\' or 
puncture through oxides and other contaniii]ants on the exterior surface of an IC de\ ice lead 
element. Inirlher, the substrate assembly may include a layer of dielectric material o\ erlying the 
la> er of resilient conducti\ e material and having apertures therethrough substantially aHgncd 
w ith the spring-biased electrical contacts. The ox crlying dielectric la>er may be of sufficient 
thickness so that the apertures therethrough assist \\ ith alignment of conductiv e balls or bumps of 
an IC^ dex ice to be mounted to the substrate assembK' in a Hip chip configuration, 

[0017] A plurality of IC dev ices ma>' be mounted to a substrate assembK' according to 
the inx ention to form a multichip module. The IC dev ices may be mounted to cither one or both 
of the surfaces of a substrate of the substrate assembly. The substrate nuiy include a plurality of 
spring-biased electrical contacts arranged in one or more tw o-dimensional arrays, each array 
corresponding to the pinout of an IC dev ice to be mounted thereon. A clamping clement may be 
used to secure an IC device to the substrate and to bias the lead elements of the IC device auamst 
the spring-biased electrical contacts. 

[0018] The present invention also encompasses methods of manufacturmg a substrate 
assembly according to the invention. One embodiment of such a method includes the acts of 
providiiig a substrate, fomiing a layer of resilient conductive material on a surface of the 
substrate, follow ed by forming conductive traces, springT:>iased electrical contacts, and apertures 
in the resilient conductive material la\er and further including heat treating the substrate 
assembly. Subjecting the substrate assemblv to a heat treatment after formation enables the 
realization of desired mechanical properties for the spring-biased electrical contacts w hile also 
prov iding for suitable mechanical properties in the resilient conductive material layer during 
formation of the conductive traces, spring-biased electrical contacts, and apertures. 

[001 9| In another embodiment of a method of manufacturing a substrate assemblv' 
accordinu to the inv ention, the method further includes the act of forminu vias in the substrate. 
A further embodiment of a method of manufacturing a substrate assembly according to the 
inv enlion comprises the additional act of preforming one or more of the spring-biased electrical 
contacts, ^'et another embodiment of a method of inanufacturiiv^ a substrate assemblv accordiuiz 
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to ihc iin ention includes the act of tonning contact elements on one or more of the spring-biased 
electrical contacts. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAW INGS 
(0020| While the specificatioii concludes \\ ith claims particidarly pointing out and 
distinctly claiming that \\ hich is regarded as the present in\ ention, the features and adx antages of 
this inx ention can be more readiK' ascertained from the following detailed description of the 
inx ention w hen read in conjunction w ith the accompan\ing draw ings, in which: 

|0021 1 FIG. I shows a plan \'iew' of an exeniplary embodiment of a conx entional BGA 
package; 

[0022] FIG. 2 shows a cross-sectional \ iew of the conx entional BGA package as taken 
aloim line II-II of FIG. I: 

[0023] FIG. 3 show s a plan \ iew of a substrate assembly according to the present 
in\ ention; 

[0024] FIG. 4 show s a cross-sectional \'iew of the substrate assembly according to the 
iin ention as taken along line l\'-l\' of FIG. 3; 

|0025] FIG. 4A shows a typical tool used to form the spring-biased electrical contacts 
on the substrate assembly; 

[0026] FIG. 5 shows a cross-sectional \'iew of the substrate assembly according to the 
invention as taken along line IV-IV of FIG. 3 and further including a conventional BGA package 
as show n in FIGS. I and 2: 

[0027] FIG. 6 shows a cross-sectional \ iew of a portion of the substrate assembK' of 
FIGS. 3 through 5, including an embodiment of a spring-biased electrical contact; 

|0028| FIG. 7 show s a cross-sectional \ iew of a portion of the substrate assembly of 
FIGS. 3 through 5, including an alternati\ e embodiment of a spring-biased electrical contact; 

[0029] hTG. S show s a cross-sectional \ iew of a portion of the substrate assembh' of 
I'TGS. 3 through 5, including another alternati\ e embodiment of a spring-biased electrical 
contact; 
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[0030] FIG. 9 show s a cross-sectional \'ic\\' of a portion of the substrate assenibly of 
FIGS. 3 through 5, including a further altematix c embodiment of a spring-biased electrical 
contact; 

[0031 1 FIG. 10 shows a plan \ ic\\ of a substrate and a spring-biased electrical contact 
according to vet another alternati\ e embodiment of the in\'ention; 

[0032] FIG. 1 1 shows a cross-sectional \ iew of the substrate and spring-biased 
electrical contact as taken along line XI-XI of FIG. 10; 

[0033] FIG. 12 shows a plan view of a substrate and a spring-biased electrical contact 
according to vet a further alternative embodiment of the invention; 

[0034] FIG. 13 shows a cross-sectional \'icw of the substrate and spring-biased 
electrical contact as taken along line XIII-XIII of FIG. 12; 

[0035] FIG. 14 shows a plan view of a substrate and a spring-biased electrical contact 
according to another alternative embodiment of the invention; 

[0036] FIG. 15 shows a cross-sectional view of the substrate and spring-biased 
electrical contact as taken along line XV-XV of FIG. 14; 

[0037] FIG. 16 shows a cross-sectional \'iew of a multichip module incorporating a 
substrate and a plurality of spring-biased electrical contacts according to the invention; and 

[0038] FIG. 17 shows a flow chart summarizing \ arious embodiments of methods of 
fabricating a substrate assembly according to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
[0039] Shown in FIGS. 3 through 6 is an embodiment of a substrate and a plurality of 
electrical contacts according to the present invention for establishing electrical contact w ith the 
lead elements of an IC de\'ice, such as the con\ entional BGA package 10 show n in FIGS. 1 and 
2. The embodiments of a substrate and electrical contacts, or substrate assembly, of the present 
in\ ention are described herein in the context of mountinu and cstablishinu electrical connections 
w ith a BGA package 10; how e\ er, those of ordinary' skill in the art will understand that the 
substrate assembl\' of the instant invention may be used w ith other t>pes of IC de\ ices, such as. 
for example, an SOJ package or a TSOP. As used herein, the term ^1ead element" refers to and 
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encompasses an\' l\pe conducti\ e ball, pillar, or bump extending from an IC de\ ice, as w ell as a 
lead linger extending from an IC de\ ice ha\ ing leadframe construction, such as, for example, a 
TSOP or SOJ package. 

|0040| Referring to PIGS. ?\ 4, and 6, a substrate assembly 100 comprises a substrate 
120 including an upper surface 122 and an opposing low er surface 124. The substrate 120 ma\' 
comprise an MCM carrier substrate and, further, may be constructed of a printed circuit board 
(PCB) material, such as FR-4, according to com entional, well-known PCB fabrication 
techniques. Uow e\ er. tlie substrate 120 ma\' be adapted to other, alternati\e applications, such i 
a burn-in board or other test board. Also, the substrate 1 20 mav be constructed of anv other 
suitable dielectric or nonconducting materials known in the art, including plastics, resins, 
composites, glasses, ceramics, and other oxide materials. Those of ordinary skill in the art w ill 
appreciate that the labels "upper" surface 122 and "lower'' surface 124 are arbitrary and that 
cither of the surface 122, 124 of the substrate 120 may be referred to as the upper surface. 
Further, the substrate surfaces 122, 124 may alternati\ ely be referred to as simply the first and 
second surfaces. 

[0041 1 The substrate assembly 100 further comprises a la\'er of resilient conductix e 
material 130 formed on at least the upper surface 122 of the substrate 120 or a suitable portion 
thereof 122. The layer of resilient conducti\ e material 130 comprises any suitable conductive 
material that also exhibits elastic properties suitable for the fomiation of spring-biased electrical 
contacts, as w ill be described in greater detail below . By w ay of example, the layer of resilient 
conductiv e material 130 may comprise a copper allo\' material, such as ber\ Ilium copper. The 
lax er of resilient conductix e material 130 ma\' be fonned on the substrate 120 usinu anv suitable 
process. For example, the kuer of resilient conductix e material 130 may be formed on the upper 
surface 122 of the substrate 120 using a sputtering process, a chemical \ apor deposition (C\'D) 
process, or any other suitable deposition process known in the art. Alternati\'ely, the layer of 
resilient conducti\ e material 130 ma\' be a separately formed laminate that is subsequentK' 
secured to, or laminated on, the upper surface 122 of the substrate 120 using, for example, an 
adhesix e and or a thermocompression bonding process. 
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(00421 Referring to FIGS. 3 and 4, the layer of resilient conducti\'e material 130 
includes a plurality of conductix e traces 132 formed therein, at least some of the conductix e 
traces 132 each temiinating at a spring-biased electrical contact 160. Each conducti\ e trace 132 
is formed by remo\ ing a portion of the layer of resilient conducti\'e material 130 to form ca\ ities 
133, which ca\'ities 133 define the conductive trace 132 and electrically isolate the conductive 
trace 132 from all other conductiv e traces 132 (as well as from other spring-biased electrical 
contacts 160) formed on the substrate 120. The cavities 133 extend through the layer of resilient 
conductive material 130 at least to the upper surface 122 of the substrate 120, and the cavities 
133 may extend a depth into the substrate 120. Any suitable process known in the art, such as 

chemical etching or laser ablation, may be used to form the conductive traces 132 and cavities 

1 1 '1 
1 j>j>. 

[0043] As noted above, at least some of the conductiv^c traces 1 32 each temiinate at a 
spring-biased electrical contact 160. Referring to FIGS. 3 through 6, each spring-biased 
electrical contact 160 comprises, for example, a cantilcvercd spring 162 fomied in the layer of 
resilient conductive material 130 and configured to bias against and fomi electrical contact with a 
conductive ball 41 of the BGA package 10 or other lead element. The cantilcvercd spring 162 
includes an upper surface 164 for making physical and electrical contact with the conductive ball 
41 (shown in dashed line in FIGS. 3, 4, and 6). An aperture 136 formed in the resilient 
conductive layer 130 around the cantilcvercd spring 162 separates and electrically isolates the 
cantilcvercd spring 162 from the remainder of the layer of resilient conductive material 130. The 
spring-biased electrical contacts 160 and suiTOunding apertures 136 may also be formed using a 
chemical etching or laser ablation process, and the shapes of the spring-biased electrical contacts 
160 and apertures 136 may also be cut or formed using a stamping process. 

|0044| It should be noted that the layer of resilient conductive material 130 may be 
sandwiched between a low er dielectric layer of substrate 120 and an upper dielectric layer thereof 
w hich overlies layer of resilient conductive material 130, upper dielectric layer defining upper 
surface 124. Referring to FIGS. 4 and 5 of the draw ings, an exemplary ov erlying dielectric or 
insulative lavcr 121 having apertures 123 therein substantiallv aligned w ith apertures 136 mav' be 
disposed ov er the lavcr of resilient conductiv e material 130 after formation of the conducliv e 



traces 132 and spring-biased electrical contacts 160. The apertures in o\ erl\'ing dielectric la\cr 
121 may be si/ed and configured to receive portions ofconductixe balls 41 of a BGA package 
(see FIG. 5 and description below ) therein, and o\'erl\'ing dielectric la\er may be of sufficient 
thickness to assist w ith alignment of conductixc balls 41 w ith spring-biased electrical contacts 
160. If desired, apertures 123 ma\' be of frustoconical shape as show n at broken lines 123' with a 
w ider upper portion to assist in the initial alignment of conductix e balls 41. 

|0045| Referring to FIG. 4A, a cutting tool 160' is illustrated that is used to form the 
spring-biased electrical contacts 160. The cutting tool 160' comprises a generalK' c\'lindrical 
body or shafi portion 702 terminating in a substantially fiat end 70S substantially located in a 
plane 710 w hich is located w ith respect to a \ ertical axis, such as 712, the bod\' or shafi portion 
702 ha\'ing a helical cutting spiral 704 attached to and or fomied thereon. The helical cutting 
spiral 704 terminates in a cutting face 706 located at the bottom end of the spiral 706 in 
substantialK' the same plane 710 as the end 708 of the body or shafi portion 702. The helical 
cutting spiral 704 may be foi*mcd at any suitable helical angle on the body or shafi portion 702 
depending upon the amount of desired rotation of the cutting tool 160' is to be used to form a 
spring-biased electrical contact 160. If desired, the end 708 of the cutting tool 160' may protrude 
beyond plane 710 in any suitable shape (illustrated in a dashed line 714) to be used as a pilot 
w hen engaged in aperture 126 of substrate 120 for the forming of the spring-biased electrical 
contact 160. The cutting face 706 of the helical cutting spiral 704 may be any suitable shape 
capable of forming the desired shape of the spring-biased electrical contact 160. For example, 
the cutting face 706 ma\' be conca\ e shaped, con\ ex shaped, a combination of concax e and 
con\'ex shaped, etc. To form the spring-biased electrical contact 160, the cutting tool 160' is 
placed upon on the precursor structure of the spring-biased electrical contact 160, such as 
ilkistrated in FIG. 3 w hen the precursor structure of spring-biased electrical contact 160 is a layer 
on the substrate 120, and the cutting tool 160' subsequently rotated a desired amount for cutting 
face 7()() to cut through a portion or the entiret\ of the precursor structure (lax er) to form a length 
of resilient material and cause a portion thereof to be bent upw ardl\' along the helical cutting 
spiral 704. Thereafier, the cutting tool 160' is rotated in the opposite direction to remo\ e the 
cutting tool 160' from the formed spring-biased electrical contact 160. 



[0046] The substrate 120 nia> inelude a \ ia 126 forined therethrough substautialK* 
conceutrie w ith eaeh aperture 136 fornKxi in the resilient conducti\ e la\er 130. A \ ia 126 
extending through the substrate 120 prox ides a recess into w hich a corresponding spring-biased 
electrical contact 160, such as cantile\ ered spring 162, can detlect upon contact w ith a 
conductiv e ball 41 of the BGA package 10. The \'ia 126 may also pro\ ide a port through w hich a 
tool may be inserted to push outw ardly on the cantile\ ered spring 162 to pemianentK' deflect the 
cantilex ered spring 162 aw ay from the upper surface 122 of the substrate 120 (see FIG. 6). 
Permanentlx dellectmg, or preforming, the cantilexered spring 162, such that the cantile\ered 
spring 162 is initialK' deflected aw'a\' from the substrate 120 in an unbiased state, can increase the 
total dellection of the cantilex ered spring 162 upon contact w ith a conductiv e ball 41, thereby 
increasing the force exerted by the cantilex ered spring 162 against the conductive ball 41 and 
improv ing the electrical contact therebetvv een. 

[0047| Referring to FIGS. 3, 4, and 5, the substrate 120 may include a plurality of 
spring-biased electrical contacts 160 arranged in a two-dimensional array 161 corresponding to 
the pin-out of the BGA package 10, the vias 126 extending through the substrate 120 also being 
arranged in a tw o-dimensional aiTa\' coiresponding to the pin-out of the BGA package 10. With 
reference to FIG. 5, a BGA package 10 having a plurality of conductiv e balls 41 may then be 
nonpermanently mounted to the substrate assembly 100, the two-dimensional array 161 of 
spring-biased electrical contacts 160 on substrate 120 establishing nonpermanent electrical 
connections with the conductive balls 41, respectively, of the BGA package 10. Thus, each 
conductive ball 41 of the BGA package 10 is engaged w ith and in electrical contact w ith a 
corresponding spring-biased electrical contact 160 - such as a cantilevcred spring 162 formed 
on the upper surface 122 of the substrate 120. 

[0048] A clamping element 90 may be used to secure the BGA package 10 to the 
substrate 120 and to bias the conductive balls 41 thereof against the spring-biased electrical 
contacts 160 formed in the resilient conductive laver 130. The clamping element 90 ma\' be an> 
suitable clip or clamp known in the art adapted to secure the BGA package 10 to the substrate 
1 20. For example, the clamping element 90 ma\' comprise a stab-in-place clip 95 having one or 
more resilient tabs or prongs 9() contlgured for insertion into corresponding holes 12S in the 
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subslralc 1 20. Fhc resilient lab or tabs 96 are retained b\' the mating hole or holes 128 to seeure 
the BGA paekage 10 to the substrate 120 and to bias the conductix e balls 41 thereof agamst the 
spring-biased electrical contacts 160. Txpically, such stab-in-place t\pe clips are injection 
molded from plastic materials and are relati\ cly inexpensi\ e. In addition to the foregoing, it is 
also contemplated that \ arious apparatus disclosed and claimed in copending L'.S. patent 
application Serial No. 09 478,619, filed .Ianuar>' 5, 2000 and assigned to the assignee of the 
present iin ention ma\' be empkned to secure BGA package 10 to the substrate 120. The 
disclosure of I'.S. patent application Serial No. 09 478,619 is hereby incorporated herein b\' 
reference. 

[0049] In an alternatix e embodiment, as shown in FIG. 7, a spring-biased electrical 
contact 160 comprises a cantilcvcred spring 162 that is not permanently deflected outwardly 
away from the upper surface 122 of the substrate 120 but, rather, that is preformed with a 
permanent dellection into its malmg \'ia 126 in the substrate 120. Use of such an inw ardly 
dellected cantilevered spring 162 may facilitate alignment with a mating conducti\ e ball 41 
(shown in dashed line in V\G. 7) of the BGA package 10. Specifically, the inwardly deflected 
cantile\'ered spring 162 functions to guide the conducti\ e ball 41 tow ard the w all 127 of the \ ia 
126, thereby essentially pinching the conductive ball 41 betw een the cantilevered spring 162 and 
the w all 127 of the via 126. In a further embodiment, although not show n in the figures, a 
spring-biased electrical contact 160 ma\' comprise a general!}' planar cantilevered spring 162 that 
has no permanent deflection and that is essentially parallel w ith the upper surface 122 of the 
substrate 120. 

10050] In another alternatix e embodiment, as shown in FIG. S, the cantile\ ered spring 
162 is suspended o\'er a \'ia 126 that opens onh' to the upper surface 122 of the substrate 120. 
The \ ia 126 extends into the substrate 120 a depth sufficient onl\' to pro\ ide a relief into w hich 
the cantilex ered spring 162 or the spring-biased electrical contact 160 generally can defiect 
upon contact w ith a conductive ball 41 (shown in dashed line in V\G. 8) of the BGA device 10. 
In a further alternativ e embodiment, as show n in FIG. 9, the cantilev ered spring 162 or the 
spring-biased electrical contact 160 generally is positioned directly ov er the upper surface 122 
of the substrate 120 and no corresponding via is prov ided subjacent the cantilev ered spring 162. 
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In the cnibodinicnt of FIG. 9, the canlilc\ cred spring 162 is prelbrnied w ith a permanent 
dellection out\\ ardl\' a\\ a\' from the upper siirfaee 122 of the substrate 120. sueh that the 
eantile\ered spring 162 can deflect downward upon engagement w ith a conducti\ e ball 41 
(shown in dashed line if F^G. 9) of the BGA package 10. 

|0051 1 In another embodiment of the present in\ ention, the spring-biased electrical 
contact 160 includes one or more contact elements configured to w ipe aw ay and or puncture 
through a laver of oxide and or other contaminants formed on an exterior surface of a conductix e 
ball 41. For example, referring to V\G. 6, the cantile\ ered spring 162 includes a pluralit\ of 
grooves 191 formed into the upper surface 164 thereof and separated by ridges 192. 
Impingement of the ridges 192 of the cantilcx ered spring 162 against the outer surface of a 
conductive ball 4L in conjunction w ith relati\c motion therebetween, will cause the ridges to 
w ipe or scrape against the exterior surface of the conductix e ball 41 and to remox e oxides and 
other contaminants therefrom. The grooves 191 and ridges 192 may be fomied on a spring- 
biased electrical contact 160 using any suitable cleaving or cutting process, and the grooves 191 
and ridges 192 may also be fomied using a stamping process. 

10052] Alternati\ ely, contact elenients may comprise one or more barbs or protrusions 
formed on a spring-biased electrical contact 160 and extending therefrom. For example, 
referring to FIG. 8, a cantile\ ered spring 162 may include a plurality of barbs or protrusions 193 
formed on an upper surface 164 thereof and extending generally upwards away from the upper 
surface 164. The barbs or protrusions 193 can impinge against and puncture through layers of 
oxide and other contaminants on the exterior surface of a conductix e ball 41 to form electrical 
contact therew ith. The barbs or protrusions 1 93 ma\' be formed using any suitable deposition 
process, as noted abo\ e. Alternatix ely, a barb or protrusion 193 may be formed by puncturing a 
hole through, for example, a cantile\ ered spring 162 and subsequentK' pushing (or pulling) a 
portion of the cantile\ered spring 162 around the peripher\* of the hole upwardK' to form a barb 
or protrusion 1 93. 

|0053| Also, a contact element ma_\' simply comprise a roughened surface formed on a 
sprmg-biased electrical contact 160. Referring to ITCF 9, a cantile\ered spring 162 has an upper 
surface 1()4 including at least a roughened portion 194. The roughened portion 194 of the upper 
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surface 164 can impiimc against and mo\ e over the exterior surface of a conducti\'e ball 41 to 
remox e (by a scraping or w iping action) oxides and other contaminants therefrom. 

[0054] A spring-biased electrical contact 160 may comprise alternati\'e shapes or 
configurations other than the cantile\ ercd spring 162 shown and described w ith respect to FIGS. 
3 through 9. For example, w ith reference to FIGS. 10 and 1 K a spring-biased electrical contact 
loO may comprise a transversely deflecting, hoop-shaped spring 262 formed in the layer of 
resilient conductix e material 130. The hoop-shaped spring 262 comprises two semicircular arms 
2()3a, 263b formed w ithin an aperture 136 in the resilient conducti\ e layer 130 and suspended 
o\er a via 126 fomied in the substrate 120, the respective ends of the semicircular amis 263a, 
2()3b being separated by a gap 264. The semicircular arms 263a, 263b are configured - upon 
engagement w ith a conductix e ball 41 (show n in dashed line in FIGS. 10 and 11) of the BGA 
component 10 - to transx ersely deflect in the plane of the layer of resilient conductive material 
130 (as shown by arrows 265a, 265b). A notch 266 located intemiediate of the semicircular arms 
2()3a, 263b may facilitate deflection thereof^, respectively. Further, the hoop-shaped spring 262 
may also defiect downwardly into the via 126 in a manner similar to the cantilevered spring 162. 

[0055] Thus, the forces exerted by the semicircular arms 263a, 263b as each defiects 
trans\'ersely outward (in directions 265a, 265b, respecti\ ely) upon engagement w ith a conductixe 
ball 41 in conjunction with, optionally, defiection of the semicircular arms 263a, 263b 
downwardly into the \'ia 126 - form physical and electrical contact between the hoop-shaped 
spring 262 and the conductive ball 41 . In addition, the shape of the hoop-shaped spring 262 itself 
(i e., the hollow center portion 268) may facilitate alignment between the hoop-shaped spring 262 
and the conductix e ball 41. Further, impingement of the semicircular arms 263a, 263b against 
the exterior surface of the conducti\ e ball 41 in conjunction with relatix e motion therebetw een 
niay result in the scraping of oxides and other contaminants from the exterior surface of the 
conducti\ e ball 41 . To enhance the remo\'al of oxides and contaminants from the exterior 
surface of the conducti\ e ball 41, the hoop-shaped spring 262 may include a plurality of groox es 
1^)1 and ridges 192 (see FIG. 6), a pluralitx' of barbs or protrusions 193 (see FIG. S), and or a 
roughened surface portion 194 (see FIG. 9) formed on its exterior surface or a portion thereof 



[0056] The hoop-shaped spring 262 may also be used in conjunelion w ith a \ ia 126 thai 
opens onl\' to the upper surface 122 of the substrate 120 (see FIG. 8). Also, at least a portion of 
the hoop-shaped spring 262 may be preformed with a permanent upward dellection, enabling the 
hoop-shaped spring 262 to be positioned directly o\'er the upper surface 122 of the substrate 120 
with no \'ia subjacent thereto (see FIG. 9). A prefomied, hoop-shaped spring 262 having a 
permanent upward deflection may increase the deflection (downward toward the upper surface 
122 of the substrate 120) of the hoop-shaped spring 262 upon engagement w ith a conductix e ball 
4K thereby increasing the corresponding biasing forces exerted on the conductix e ball 41 and 
enhancini^ electrical contact therewith. 

[0057] In another embodiment of the present invention, a spring-biased electrical 
contact 160 comprises a spiral-shaped spring 362, as shown in FIGS. 12 and 13. The spiral- 
shaped spring 362 is formed in the resilient conductive layer 130 within an aperture 136, and the 
spiral-shaped spring 362 extends from a conductive trace 132 and over a via 126 formed in the 
substrate 120, The spiral-shaped spring 362 includes an upper surface 364 for making physical 
and electrical contact with a conductive ball 41 (shown in dashed line in FIGS. 12 and 13) of the 
BGA package 10. Upon engagement w ith a conductix e ball 41 of the BGA package 10, at least a 
portion of the spiral-shaped spring 3()2 will deflect downwardly into the via 126, thereby exerting 
a biasing force against the conductive ball 41 and establishing physical and electrical contact 
therewith. Also, as shown in FIG. 13, durinti en^a^ement with the conductive ball 41 and 
detlection downw ardly into the \'ia 1 26, the spiral-shaped spring 362 may be configured to form 
a cup or recess 366 for receix ing the conductix e ball 41 and aligning the conductix e ball 41 
relatix e to the spiral-shaped spring 362. 

[0058] To facilitate the remox al of oxides and contaminants from the exterior surface of 
the conductive ball 41 , the spiral-shaped spring 362 may includes a plurality of grooves 191 and 
ridges 192 (see FIG. 6), a plurality of barbs or protrusions 193 (see FIG. 8), and or a roughened 
surface portion 194 (see FIG. 9) fomied on its upper surface 364 or a portion thereof Also, the 
spiral-shaped spring 362 max' be used in conjunction xx ith a x ia 126 that opens only to the upper 
surface 122 of the substrate 120 (see FIG. 8). Further, at least a portion of the spiral-shaped 
sprmg 362 max- be permanentlx detlected upxx ardly to increase the dellection of the spiral-shaped 
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spring 362 upon cngagcineiit w ith a conducli\ e ball 4K lhercb\' increasing ihc biasing forces 
exerted against the conducti\ e ball 41 and enhancing electrical contact therew ith. For a 
preformed spiral-shaped sprmg 362 hav ing a permanent upw ard deflection, the spiral-shaped 
spring 362 may be positioned directK o\'er the upper surface 122 of the substrate 120 w ith no \ ia 
subjacent thereto (see h^lG. 9). 

[0059] In a further embodiment of the present inv ention, as show n in FIGS. 14 and 15, 
a spring-biased electrical contact 160 ma\' comprise a rosette spring 462 Inn ing a plurality of 
canti lev ered pedals. For example, as show n in V\G. 14, the rosette spring 462 may include four 
cantilev ered pedals 464a, 464b, 464c, 464d or an\' other suitable number of cantilevered pedals. 
Fach of the cantilevcred pedals 464a-d, respectively, includes a portion ov erlying and adhered to 
the upper surface 122 of the substrate 120 and another portion extending over a via 126 
extending through the substrate 120. Fach of the cantilev ered pedals 464a-d also includes an 
upper surface 465a-d, respectively, for making physical and electrical contact with a conductive 
ball 41 (shown in dashed line in FIGS. 14 and 15) of tlie BGA package 10. Further, the 
can.tilevcrcd pedals 464a-d each Icmiinate at a central opening 466. the central opening 466 
serving to facilitate alignment a conductive ball 41 relative to the rosette spring 462. 

|0060| The cantilevered pedals 464a-d, or a portion thereof, may be permanently 
upw ardly deflected, as shown in FIG. 15, to increase the deflection of the cantilevered pedals 
464a-d, respectively, upon engagement w ith a conductive ball 41 , thereby increasing the biasing 
force exerted auainst the conductive ball 41 and enhancing electrical contact therevv ith. Such a 
rosette spring 462 preformed w ith permanentK' upw ardlv deflected pedals 464a-d mav be 
positioned directly over the upper surface 122 of the substrate 120 with no underlying via (see 
\'\G. 9). Also, the rosette spring 462 mav be used in conjunction with a via 126 opening onto 
only the upper surface 122 of the substrate 120 (see FIG. S). \n a further alternative embodiment, 
the pedals 464a-d of the rosette spring 462 may be permanently downw ardly deflected into the 
via 126. In this embodiment, the upper surfaces 465a-d of the cantilev ered pedals 464a-d, 
respectiv elv', mav function to guide a conductiv e ball 41 tow ard the central openmg 466, therebv 
ficilitating alignment betw een the conductiv e ball 41 and the rosette sprmg 462. 



10 



|0061| Referring again lo VIGS. 14 and 15, a ca\ il\' 133 tbrnied in the la\'er of resilient 
eonduetix e material 130 separates and electrical!}' isolates the rosette spring 402 (as well as the 
associated conducti\e trace 132) from the remainder of the layer of resilient conductive material 
130. Further, to facilitate the rcmo\ al of oxides and contaminants from the exterior surface of a 
conductiv e ball 41, the rosette spring 462 ma\' include cantilcx ered pedals 464a-d hav ing a 
plurality of groov es 191 and ridges 192 (see FIG. 6), a pluralitv' of barbs or protrusions 193 (see 
FIG. 8), and or a portion of roughened surface 194 (see FIG. 9) formed on their respectiv e upper 
surfaces 465a-d, or a portion thereof. 

|0062] Referring to FIG. 16, an MCM 500 incorporating a carrier substrate 520 and a 
plurality of spring-biased electrical contacts 560 according to the present inv ention is shown. 
One or more BGA packages 10a are mounted to an upper surface 522 of the carrier substrate 520 
and one or more BGA packages 10b may be mounted to an opposing lower surface 524 of the 
carrier substrate 520 (again, the labels "upper" and "lower" being arbitrary). Although IC 
dev ices are shown mounted to both surfaces 522, 524 of the carrier substrate 520, those of 
ordinary skill in the art will understand that the MCM 500 may have IC devices mounted to only 
one of its carrier substrate surfaces 522, 524. Further, in addition to the BGA packages 10a, 10b 
mounted on the MCM cairicr substrate 520, other electrical components and/or devices (not 
show n in FIG. 16) mav' also be niounted to the carrier substrate 520, as noted above. 

|0063] Fach of the upper and low er surfaces 522, 524 of the carrier substrate 520 
includes a layer of resilient conductiv e material 530a, 53()b, respectively, formed thereon. A 
pluralitv' of conductiv e traces 532a are formed in the resilient conductive material layer 53()a on 
the substrate upper surface 522, and a pluralitv of conductive traces 532b are Ibrmcd in the la> er 
of resilient conductive material 530b on the substrate lower surface 524. At least some of the 
conductive traces 532a on the upper surlace 522 of the substrate 520 terminate at spring-biased 
electrical contacts 560a. The spring-biased electrical contacts 560a on the upper surface 522 are 
arranged in one or more tw o-dimensional arravs corresponding to the pinoiit of the BGA package 
or packages 10a to be mounted thereon. Similar! v. at least some of the conductive traces 532b on 
the low er surface 524 of the carrier substrate 520 terminate at spring-biased electrical contacts 
56()b. The spring-biased electrical contacts 56()b on ihc lower surface 524 are arranged m one or 
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more Iw o-dinieiisional array s ce:>rresponding to the pinout of the BGA package or packages l(Jb 
to be inoLinled thereon. 

|0064| The spring-biased electrical contacts 5()0a, 56()b nia\' comprise cantilex ered 
springs 162 (see FIGS. 3 through 9), trans\ersely dcllecting hoop-shaped springs 262 (see FIGS. 
10 and 1 1 ), spiral-shaped springs 362 (see FIGS. 12 and 13), or rosette springs 462 (see FIGS. 14 
and 15), or an\' suitable configuration or combination thereof. Also, the spring-biased electrical 
contacts 560a may each be preformed with a permanent dellection tow ards or away from the 
upper surface 522 of the substrate 520, and each spring-biased electrical contact 560a may extend 
o\ er a \ ia 526 opening to at least the upper surface 522 or, alternati\ el>\ be positioned directl>* 
o\'er the upper surface 522 w ith no subjacent \ ia. Similarly, the spring-biased electrical contacts 
560b may each be preformed with a permanent dcfiection towards or away from the lower 
surface 524 of the carrier substrate 520, and each spring-biased electrical contact 560b may 
extend o\'er a \'ia 526 opening to at least the lower surface 524 or, alternatix ely, be positioned 
directly o\ er the lower surface 524 with no underlying \'ia. 

[0065] To electrically connect the BGA packages lOa, 10b to the carrier substrate 520 
of the MCM 500, each of the conductiye balls 41a, 41b on the BGA packages l()a. 10b, 
respecti\ ely, is engaged with a mating spring-biased electrical contact 56()a, 56()b disposed oii 
the MCM carrier substrate 520. Clamping elements 90a, 90b - which are show n in FIG. 16 as 
stab-in-place clips 95 secure the BGA packages 10a, lOb, respecti\'cly, against the carrier 
substrate 520 to bias the conducti\'e balls 41a. 41b against their mating spring-biased electrical 
contact 560a, 560b. The spring-biased electrical contacts 56()a, 560b, each of w hich exhibits a 
deflection as a result of eimauement w ith a conducti\'e ball 41a, 41b, exert a biasinu force against 
their mating conductix e ball 41a, 41b and form physical and electrical contact therew ith. To 
facilitate the remo\ al of oxides and contaminants from the exterior surface of a conducti\ e ball 
41a, 41 b and to enhance electrical contact therew ith, the spring-biased electrical contacts 560a, 
560b ma\' each include a pluralit\- of groo\ es 191 and ridges 192 (see FIG. 6), a plurality of barbs 
or protrusions 193 (see ITG. S), and or a roughened surface portion 194 (see ITG. 9) formed on a 
surface or a portion of a surface thereof. 



[0066] Although ihc spring-biased electrical contacts 160, 162, 262, 362, 462, 56(}a, 
560b according to the present inx ention have been described herein in the context of establishing 
electrical connections w ith the conductix e balls 41 of a con\ entional BGA package 10, it should 
be understood by those of ordinary skill in the art that the present inx ention is not so limited. 
The spring-biased electrical contacts 160, 162, 262, 362, 462, 560a, 560b may be used to 
electricall)' connect the leads of other t\pes of IC packages to a substrate, such as the substrate 
120 of substrate assembly 100 or the carrier substrate 520 of MCM 500. For example, any of the 
spring-biased electrical contacts 160, 162, 262, 362, 462, 560a, 560b incorporating any of the 
features described herein may be used to electrically connect the lead elements or lead fingers of 
an SOJ package or the lead elements or lead fingers of a TSOP to a substrate. Also, those of 
ordinary skill in the art will appreciate that the various features described herein i.e., prefomied 
deflections, \'ia 126 extending through substrate, \'ia 126 opening only to one surface of 
substrate, no subjacent \'ia, and contact elements 191, 192, 193, 194 may be incorporated in 
any suitable combination with any of the spring-biased electrical contacts 1 60, 1 62, 262, 362, 
462, 560a, 560b described herein. 

[0067] The present in\ ention also encompasses methods of manufacturing a substrate 
assembly 100, 500 including substrates 120, 520 and spring-biased electrical contacts 160, 162, 
262, 362, 462, 560a, 560b, as described abox e - according to the present invention. Referring to 
the fiow chart of FIG. 17, from which the methods of the invention may be better understood, 
\'arious embodiments of a sequence of acts or steps, generally denoted as 600, comprising 
\'arious methods according to the present invention are shown. One embodiment of such a 
method begins with the act 610 of providing a substrate. The substrate may comprise an MCM 
carrier substrate, a buim-in board, or other test board, and the substrate ma\' comprise any suitable 
material or combination of materials, including PCB materials, plastics, resins, composites, 
glasses, ceramics, and other oxide materials, as noted abo\'e. The substrate generally includes a 
first surface and an opposing, second surface. 

|0068| Once a substrate has been prov ided, the act 620 of forming a laxer of resilient 
condiictix e material on a surface of the substrate is performed. A la\'er of resilient conductiv e 
material ma> be applied to either one or both of the first and second surfaces of the substrate, and 

0 ^ 



the la\'cr of rcsiliciil conduclive material may co\ cr only a portion of the fu st surface and or a 
portion of the second surface. The resilient conductiv e material may be any suitable material 
exhibiting sufllcienl electrical conducti\ it\' and suitable mechanical properties for the formation 
of spring-biased electrical contacts. A ber\ilium copper material is belie\'ed suitable for this 
purpose. It should be noted that the desired spring characteristics, as w ell as other mechanical 
properties, may be achie\ ed b\' a heal treatment or other suitable processing, as w ill be described 
in greater detail below . An\' suitable deposition process such as CVD or sputtering ma\' be used 
to form the la> er of resilient conductix e material on a surface of the substrate, as noted abo\ e. 
Further, the la\'er of resilient conductix e material ma\' be a laminate that is secured or laminated 
onto a surface of the substrate using an adhesiv e and or a ihermocompression bonding process, 
also as noted abo\ e. 

|0069] After the application of a layer of resilient conductive material to one or more of 
the siuiaces of the substrate, the act 630 of forming conductiv e traces, spring-biased electrical 
contacts, and apertures in the resilient conductiv e material layer is perfomied. An etching 
process, laser ablation process, or anv other suitable material remov al process, as noted above, 
mav be used to form the conductive traces, spring-biased electrical contacts, and apertures in the 
resilient conductive material \'d\c\\ Also, a stamping process mav' be used to form the shapes of 
the spring-biased electrical contacts. The cavities defining the conductive traces, as well as the 
apertures surrounding the spring-biased electrical contacts, extend at least to the surface of the 
substrate and, optionallv', nvdv extend a depth into the substrate. The spring-biased electrical 
contacts mav be configured in one or more two-dimensional arravs, each two-dimensional arrav' 
corresponding to the pinout of an IC device to be mounted on the substrate. Also, the spring- 
biased electrical contacts mav comprise anv- of the spring-biased electrical contacts described 
herein or a combination thereof. 

|0070| Subsequent to the formation of conductive traces, spring-biased electrical 
contacts, and apertures in the laver of resilient conductiv e material on one or both of the 
opposing surfaces of the substrate, the substrate assemblv is then subjected to a heat treatment 
process 040. Heat treating the substrate assemblv after formation enables the realization of 
desired mechanical properties for the spring-biased electrical contacts while, at the same time. 



pro\ idinu for suitable mechanical properties in the resihent conductiv e niaterial la\er during 
formation of the conductiv e traces, spring-biased electrical contacts, and apertures. For example 
it ma\' be desirable for the resilient conductiv e material la\er to exhibit good ductilit\ during the 
formation of the conductiv e traces and spring-biased electrical contacts; how ever, high ductilitv 
is general!} undesirable for a spring, w hich should retain its shape. In contrast, it ma\' be 
desirable for the spring-biased electrical contacts to exhibit high strengtli and sufficient elasticitv' 
but high strength and elasticity ma\' impede fomiation of the spring-biased electrical contacts, as 
w ell as the formation of other features in the resilient conductiv e material lav er. In addition, a 
heat treatment may effect stress relief w ithin the resilient conductive material laver, which mav 
be especially benellcial if the spring-biased electrical contacts include preformed dellections. 

[0071 1 hi lieu of heat treatment, other know n metallurgical treating processes may be 
employed to provide high strength and sufficient elasticity to the spring-biased electrical 
contacts. For example and not by way of limitation, air hardening, gas hardening or age 
hardening may be employed. Treatment of beryllium copper to enhance and modify certain 
physical characteristics thereof is know n in the art, and Burch Engineered Materials, Inc. 
(formerly Brusli Wellman) of Cleveland, Ohio offers technical assistance in this area. As used 
herein, the term '^treatment" encompasses heat treating as well as other processes for modifying 
physical characteristics of the resilient conductive material or selected portions thereof 

[0072 1 Thus, the method of fabricating the substrate assembK' and subsequently heat 
treating the substrate assembK' pro\ ides for desired mechanical properties of the resilient 
conductiv e material during fomiation of the spring-biased electrical contacts and other features 
and also enables the realization of desired mechanical properties for the completed substrate 
assembly, such as desired spring characteristics for the spring-biased electrical contacts, as noted 
above. Fssentiallv, the resilient conductive material laver or laminate applied to a surface of the 
substrate includes all iiecessarv' circuitrv' and electrical contacts for establishing electrical 
communication w uh an\' IC dev ices to be secured to the substrate, which circuitr\ and electrical 
contacts are formed in situ on the substrate. The abov e-described method stands in contrast to 
known methods of manufacturing sprmg-biased contacts for substrates and 1(^ sockets, w herem 
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ihc spring conlacls arc gcncrallv fornicd, subjcclcd to a heat treatment, and then subsequentK' 
seeured or inserted into the substrate or IC socket. 

|0073| hi an aUematix e embodiment of a method of manufacturing a substrate assembl\ 
according to the in\ ention, the method proceeds as described abo\'e with respect to FIG. 1 7; 
ho\\ e\ er, the method further incUides the act 624 of forming \ ias in the substrate. The apertures 
may open to only one surface or both surfaces of the substrate, and each of the \'ias is generally 
disposed subjacent a spring-biased electrical contact and is substantial]}' concentric with the 
corresponding aperture formed in the layer of resihent conductive material, as noted above. The 
\ ias mav be formed usinu an\' suitable process, including drilling, cuttine. ctchinu. laser 
cutting ablation, w ater jet cutting ablation, punching, or stamping. Also, it should be noted that 
it may be desirable to form \'ias subjacent a portion of the spring-biased electrical contacts on a 
siniace of the substrate, w hile another portion of the spring-biased electrical contacts on that 
surface have no associated vias. 

[0074] In another alternative embodiment of a method of manufacturing a substrate 
assembly according to the invention, the method proceeds according to cither of the 
embodiments described abov e; how ever, the method further includes the act 634 of preforming 
the spring-biased electrical contacts, or a portion thereof. The spring-biased electrical contacts 
may be preformed to include a permanent dellection either tow ard or aw ay from the underK'ing 
surface of the substrate, as noted above. Such deflection may be imparted to a spring-biased 
electrical contact b\' inserting a tool into the associated via and pulling or pushing on the spring- 
biased electrical contact until the contact exhibits the desired dellection. 

[00751 In a further alternativ e embodiment of a method of nKtnufacturing a substrate 
assembly according to the invention, the method proceeds according to any of the embodiments 
described above; how ever, the method further includes the act 636 of forming contact elements 
on the spring-biased electrical contacts or a portion thereof The contact elements may comprise 
a plurality of alternating grooves or ridges, a plin*alitv' of barbs or protrusions, or a portion of 
roughened surface, as described above, or anv' other suitable contact elements know n in the art. 

|0076| If optional overlving dielectric laver 121 is employed in the substrate assemblv 
of the present inv ention, it is desirablv formed or applied ov er the laver of resilient conductiv e 



nialcrial alter the tbniialion of all traces, spring-biased electrical contacts and contact elements as 
previously described. Ifapplied as a film over the layer ofresilient conductixe material, the 
ox erK'ing dielectric la\'er 121 ma\ ha\ e preformed apertures 123 therein aligned with the spring- 
biased electrical contacts. If formed o\ er the lax'cr ofresilient conducti\e material, the overK'inu 
dielectric material may be applied, for example, as a liquid, gel or paste and patterned and etched 
as known in the art to form apertures 123. Depending upon the dielectric material and etchant(s) 
chosen, apertures 123 may be formed either in substantially cylindrical shapes with an 
aniosotropic etch or in frustoconical shapes using a substantially isotropic etch. 

|0077] Substrates and spring-biased electrical contacts according to the present 
in\ ention. as u ell as substrate assemblies incorporatinu the same, hax inu been herein described, 
those of ordinary skill in the art w ill appreciate the many adv antages of the present invention. 
One or more arrays of spring-biased electrical contacts and associated circuitry may be formed 
directly in a layer ofresilient conductive material in situ on a surface of a substrate to form a 
substrate assembly. The spring-biased electrical contacts pro\'ide for the nonpermanent and 
direct attachment of IC dev ices to the substrate assembly, the spring-biased electrical contacts 
also compensating for nonplanarities in tiie substrate and IC dev ices. Fabrication of a substrate 
assembK' according to the inv ention is achie\ ed using optimum mechanical properties for 
formation (e.g., ductility), while the resulting substrate assembly exhibits optimum mechanical 
properties for performance (e.g., spring characteristics, high strength, elasticity, stress relieO. 
Further, the methods of the present invention and resulting devices enable the du'ect and 
nonpermanent attachment of IC devices to a substrate on a production scale without the use of 
expensive IC sockets. In addition, while the present inv ention has been described in terms of 
nonpermanent attachment of IC devices to a substrate, those of ordinary skill in the art w ill 
understand and appreciate that long term attachment, including what might be termed 
''permanent'' attachment of IC dev ices to a substrate may be effected using the present invention. 
Such permanent, >et remov able attachment capabilitv ma\' be particularK' desirable when repair 
or replacement of an IC dev ice in long term serv ice ma\' be foreseen or contemplated. 

|0078| The foregoing detailed description and accompanying draw ings are onlv 
illustrativ e and not restrictiv e. 1 hcv hav e been prov ided primarilv' for a clear and comprehensiv e 
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understanding of the present in\ ention and no unnecessar\' limitations are to be understood 
therefrom. Numerous additions, deletions, and modifieations to the embodiments described 
herein, as w ell as alternatix e arrangements, may be de\'ised by those skilled in the art w ithout 
departing from the spirt of the present in\ ention and the scope of the appended claims. 



